using pseudorandom signature sequences of length N = 127, EJN, = 20dB and L = 1024 data hits. Eqn. 2 is evaluated as a function of the normalised offered load G = gT with normalised propagation delay a = TIT and channel load threshold K as parameters. A best case value of y = 27 is used throughout. offered load .G pocket I slot 1388/1) y$j 1 Throughput S against offered load G with K as a parameter, a = -IP-CSSSIOD ~--... slotted CDMA Fig. 1 shows the throughput S against offered load G for 1P-CSSSIOD with a = 0.01 and K = 10, 15 and 20 as parameters. The throughput curve for slotted CDMA is plotted for comparison [1,5]. Fig. 1 illustrates that IP-CSSSIOD achieves a significant throughput improvement over slotted CDMA at large offered loads. The throughput increases with increasing channel load threshold K until the mutual interference of signature sequences produces excessive packet failures. A value of K = 15 achieved the optimum throughput performance for the parameters investigated. m offered load G. packet /slot The throughput curve for slotted CDMA is plotted for comparison. Fig. 2 illustrates that the throughput improvement in IP-CSSSIOD at high offered loads is due to ChaMel sensing with overload detection and that this strategy is most effective in LANs with a small normalised propagation delay.
shows the throughput S against offered load G for 1P-CSSSIOD with a = 0.01 and K = 10, 15 and 20 as parameters. The throughput curve for slotted CDMA is plotted for comparison [1, 5] . Fig. 1 illustrates that IP-CSSSIOD achieves a significant throughput improvement over slotted CDMA at large offered loads. The throughput increases with increasing channel load threshold K until the mutual interference of signature sequences produces excessive packet failures. A value of K = 15 achieved the optimum throughput performance for the parameters investigated. m offered load G. packet /slot The throughput curve for slotted CDMA is plotted for comparison. Fig. 2 illustrates that the throughput improvement in IP-CSSSIOD at high offered loads is due to ChaMel sensing with overload detection and that this strategy is most effective in LANs with a small normalised propagation delay.
Conclusions:
The throughput performance of a new IP-CSSSIOD protocol has been analysed and compared with slotted CDMA for identical channel conditions. The analysis provides a new method for evaluating throughput in SSMA schemes. 1P-CSSSIOD achieves a significant throughput improvement over CDMA at large offered loads. When throughput and offered load are normalised to the channel operating bandwidth (i.e. SIN and GIN) , to compare dissimilar multiple access schemes, then at high offered loads IP-CSSSIOD uses the channel more efficiently than ALOHA whereas CDMA does not. The IP-CSSSIOD protocol may he applied to packet radio networks, indoor wireless LANs and CDMA cellular mobile networks using an ISMA scheme. It is composed of two 16 x 1 tree couplers, a 2 x 3dB coupler, four optical isolators, two EDF amplifiers in forward pumping scheme and two 1 x 16 tree couplers. Here, these two 16 x 1 tree couplers used are for study, which should he replaced by two 16 x 1 WDM multiplexers in WDM applications. The total passive loss of this module vanes somewhat with the channel used and has an average value of -31dB (14dB before the EDF and 17dB after the EDF) in which the loss of EDF is not included. It is this loss we would like to fully compensate for with two EDF amplifiers. The home-made EDF had a core size of 4 . 2~ and an NA of 0.23. There are two 0 . 9 8~ pump laser diodes in this module; each pump laser with 50 mW output power is efficiently coupled into the 12.3m EDF by a 0.9811.5Spm WDM coupler. The dimension of this 32 x 32 star coupler module as shown in Fig. lb is 32 x 20 x Ncm, which can be reduced to a more compact size with some care of arrangement. In the experiment, a pigtailed 1550nm DFB laser transmitter is directly modulated by a 1.7GhiUs
-I] NRZ pseudorandom data stream and the receiver used is composed of a 0.4nm optical handpass filter and an avalanche photodiode, which has -35.7 dBm sensitivity for hit error rate (BER) at 1.7Ghitls. Fig. 2 shows the spectral loss characteristics of this module for a single input channel with four different input signal powers. The small-signal system net gain at 1530nm is slightly higher than that at 1550nm. Note that the variations of system loss are less than 2.0dB for P, equal to -3dBm in the spectral range from 1528nm to 1565nm. The system loss of this module can be fully compensated for when the input signal power is less than -10dBm. The measured system saturated output signal power of this module is 4 6 d B m . This output signal power is approximately equal to the total saturated output power expected for multichannel applications. Further improvement of the saturation power may be achieved by using a more efficient EDF or increasing the pump power. Furthermore, the uniformity property of system insertion loss of this module is less than 1.3dB. 
The system sensitivity of this module for BER at 1.7Gbiffs is -35.0dBm at 1550nm, and there is -0.7dB power penalty due to the amplified spontaneous emission (ASE) noise resulting from these two activating EDF amplifiers with the transmitter input power of -15dBm. penalty, which is due to the large nondepleted ASE noise with respect to smaller input signal power. The power margin increment is defined as the power margin enhancement, at 10" BER, of this amplified module over a passive 32 x 32 star coupler with -17dB insertion loss. The increment is contributed by the compensated module loss and power penalty of the transmitting signal. There is an increment of about l8dB for input powers in the range -19 to -13dBm; however, this power margin decreases for input power levels beyond this range. Fig. 4 shows the spectral characteristics of power penalty and power margin increment of this module for a 1550nm input signal at channel 1 with a P, of15dBm and the input channel 2 (namely crosschannel) at various wavelengths with an input power of 15 times that of channel 1. The power margin increment is larger than 12dB and the power penalty is less than 0.6dB in the spectral range 1520-1570nm. We have presented a 32 x 32 star coupler module using two EDF amplifiers. The pump power use efficiency of this module (i.e. 32 porti100mW) is, to our knowledge, the highest yet reported. Not only can the loss of this module be fully compensated over a wide spectral range, but also has better loss unifornity, low power penalty and high power margin increment. The demonstration of this proposed technique makes feasible the construction of a large star coupler for wideband star networks.
Introduction: Thermically tapered fibre-optic devices such as couplers, wavelength division deimultiplexers and micro-ring resonators require an accurate understanding of the relationship between technological and device parameters. No exhaustive theoretical model is available which considers technological parameters and relates them to the characteristics of fused optical components. For example, fusion couplers have been analysed by using either the mean fibre diameter or a linear or exponential approximation for the taper geometry [I, 21. Empirical studies of the pulling process of taper couplers mentioned in [3], which related gas flow parameters to diameter variations approximated by a second order polynomial, provided a more accurate model but still lacked generality.
This Letter describes an accurate method for analytically determining the shape of thermically tapered fibres. Thus the model establishes the relationship between the technological parameters of elongation, pulling speed and temperature distribution and the resulting taper geometry. The diameter variation is then used for optimising taper geometries as one typical application example. Compared to matched-cladding (MC) fibres which are usually used for fused taper devices, depressed-cladding (DC) fibres need very smooth taper structures [4] that would normally result in impractical taper lengths of the order of half a metre or more. However, using the model presented in this Letter it has been possible to predict and fabricate shaped tapers from DC fibres which are comparable to MC fibres in terms of taper length and losses.
Theory: The process of pulling glass fibres in the range of their softening temperature (i.e. log q = 7.6) can be described by -4 dt where //lo is the relative elongation, F is the pulling force, A is the fibre cross-section and K = (3q)-' [5] is a constant related to viscosity q.
By quantising to m volume elements V, of any small size which is shown in Fig. 1 , a description of the diameter variation at any fibre position can be developed where
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If the fibre is fixed on one side then the overall pulling speed V , results from the sum of the individual elongation speeds. For a taper process that makes use of two moving jigs the overall pulling speed would result from a vectorial summation of the jig velocity, thus
Comparing this approach with the well known serial connection of spring elements in mechanical engineering we can assume a constant drawing force at any volume element. Therefore eqn. 4 holds.
Normalising gives a coefficient ranging from 0 to 1 which yields the individual elongation speed v, after multiplication with the overall pulling speed vr described by Because the viscosity of silica glass is related very closely (+3K) to the applied temperature due to the Vogel-Fulcher-Thamman equation [6] the diameter variation of the tapered fibre can be determined in terms of the elongation, the pulling speed and the temperature distribution. The validity of the model follows for the following conditions: (i) The volume of the fibre is constant (i.e. thermal expansion can be neglected).
(ii) The impact of flame pressure and gravity can be ignored because they have to be excluded anyhow by means of relatively low tapering temperatures (<2000"C) in order to avoid losses due to micro-bending. (iii) The influence of the surface tension can be neglected because of the mentioned low tapering temperature (the forces caused by surface tension on a taper volume element are typically two magnitudes below those due to the pulling process, thus no improvement has been achieved).
Calculating the local diameter and hence the local core radius variation daidz yields the essential parameter for evaluating possible losses due to launching of higher order modes. Thus an immediate comparison with the allowed phase differences of the HE,, and typically the HE,, mode or the HE,,,,, mode of the coaxial waveguide in the case of DC fibres can be carried out [4] because Experiment: A specific burner with 13 individually controlled nozzles provided the capability of a wide variety of temperature profiles over a 20mm range. Based on a temperature distribution with a 1930°C dip at the edges of the burner and a smooth 1820°C central dip, a constant pulling speed of 20p.d~ and an elongation of
